The Matrix Exponential Background for the Fundamental Matrix
We seek a solution of a homogeneous first order linear system of differential equations. For illustration purposes we consider the case:
First, write the system in vector and matrix form .
Then, find the eigenvalues and eigenvectors of the matrix , denote the eigenpairs of A by and .
Assumption.
Assume that there are two linearly independent eigenvectors , which correspond to the eigenvalues , respectively. Then two linearly independent solution to are , and .
Definition (Fundamental Matrix Solution)
The fundamental matrix solution , is formed by using the two column vectors .
(1) .
The general solution to is the linear combination (2) .
It can be written in matrix form using the fundamental matrix solution as follows or (4) .
The initial condition
If we desire to have the initial condition , then this produces the equation 
Matrix Exponential 3D examples
The following examples illustrate the situation when there is a full set of eigenvectors. Find matrix exponential will be the sum of the infinite series
The sum of the first few terms are:
Each element in can be calculated by the sum of an infinite series and Mathematica can assist us in these computations.
Example 1. Consider the matrix , 1 (a) Find . 1 (b) Find .
Solution 1 (b).
We want to find First look at some powers
